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If tire radiati.on of a plasr1a is anisotropic, so that its intensity along { is lover

than in the opposite direct ion by an anount In [erS/sec], then the photon yield from the

plasrnoid is accompanied. by a rocket thrust with force fn = Inti/c+. Under suitable con-

d.i t ions, such a photon thrust can serve as an effect ive plasnoid accelerator.

Iet us stop briefly to discuss the example of a highly-ionized plasrna uith inverted

populat ion at tvo states of the atorns (or ions)r with a dif ference e between the enerry

Ievels. 'Ihis plasrna ca.n anplify a radiation of frequencY €/h = v. If the anplification ls

large, vhen l ight with vave vector f  ( in t fru frame of the plasnoid, k = 2rv/c) is inciclent

on the plasma fron the outsiile, the,.thhrst. of the amplified radiation in the d'irection

opposite to t vill exceed. by na.ny tirtres the pressure applied to tbe plasnoid by the incident

l ieht,

Calculations [1] have sho\.rn ttrat if the flee electrons of a highly-ionized' plasma are

deep\y cooled, then a suff icient\y strong populat ion inversion is reached,after a t ime

shorter t1a.n the relarcation time of the corresponcling states. Ttre most favorable for an in-

tense emission is a cycl ic regiroe of alternating heating and cool ing cycles [2J. i 'deans of

deep\y and rapidly cooling free electrons a,re discussetl in a number of papers. It is easy

to see that cooling rrethod.s [Z] f,asea on collj.sions betveen electrons and co]c[ heavy p]asma

particles antt amblpofar diffusion to the walls contradict the requirments of effective

accelerat ion. On the other hand, the cool ing method [3] connected vith an abrupt decrease

of the magnetic fielil surrounding the plasna vith the main conclitions of this problenr.

Let a nagnetized high\y-ionized plasrnoid of d,ensity 101\ - fOlB "*-3 move along the

force lines of a nagnetic fieLd. The centroid. of the plasrnoid renains on the average on the

sane ttcentraltr  circular orbit ,  vhich coincides with the force l ine at which the f ield is

ninimal. Ttre magrretic field increases sufficiently steeply on aLf sid.es of the central- orbit,

preventing the nagnetized. plasma fron diffusing transverse\r to the orbit. The external

radiation is applied to the plasma on sectj.ons of its inverted population; its rrave vector
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( r r  =  [ ( r  -  v /c ) ( I  +  v /c ) ]1 /2 t  i '  the  'ab)  i s  d i rec ted  oppos i te  to  the  p lasrno ic l  ve loc i ty  i .
' n

iieating is by a pulsecl rnagnetic field that conpresses the plasma strongly' Cooling upon

removal of this addi.tional field is connected vith ailiabatic expansion of the plasnoid and'

with emission of radiat ion. Tire intensity (ana presstEe) of the directei l  radiat ion along the

inverse\y-populated mealium increases in the tlirection of f. niis leeds to convective rnixing

in the plasnxoid and to the appearance of a force hind'ering the diffusion of the plasraoid

along tlre magnetic force lines. 'ILre rapid moclulation of the field intensity' used for heat-

ing and cool ing, prevents occurrence of toroidal ari f t  [ \ ] .  lhe plasma rad' iat ion serves

here as a lov-inert ia sor.rrce of detai led information that makes i t  possible to correctt with

the aid of an external fie1d, the deviations of the plasrnoiil frorn the central orbit as a

result of fluctuation ctepartures from its cyclie moile'

Recognizing that the maximal thrust is indepenilent of v in the plasnoid reference frane

ve obtain, assuming that tire frequency is proper\y adJustedr,.,as an estimate of the plasnoici

acce le ra t ion  in  the  lab  (see a lso  [5 ] )  " ,  =  a ( ' / ( f  -  v /c ) ,  " * "  =  e6 /c l f l ,  vhere  6  -  f rac t ion

of at l  the plasma atours ( ions) part icipating during the cycle in the radiat ion aanpli f icat iont

Ivl - rest mass of the atom (ion), T - cluration of the lreating a'nct cooling cycle in the lab

system. To esti.mate "(u) *. sirall use very sinrple exarnples of an ana\rsis of the relaxation

of the plasma population foltoving 
1":n. 

":.:t": 
::_3": :':^"]::t:?il'= ;": ilSil/"."r.

hytlrogen, putting en = 0.66 eVr 6, = 0.1r and Tn = 10 
- sect we get B'H :

!,or a plasna of hydrogenlike ions of an element rrith atcmric Z (in tire periodic system) we
_ L  

-  
/ n \  c  / n \

can put in pr inciple l2l  ,Z = Z?err l lz)  = 6I l ,  l '1(Z) = 2\\2,  TZ = Z-qTH'and then " i ; i  = "1" ' '

It sttould. be noted, that the role of the nonradiative transitions in a plasma of multiply

charged ions dirninishes, ma^king it possible to obtain a'mplification at relatively large

d.ensit ies, and that with increasing Z the contr ibution of the electrons of reconbination

radiat ion and bremsstratr lung to the cool ing increases'

T.ne conditions for the production of an anplifying Li plasna are in nany respects

sirnpler than fon a hydrogen plasma. t'or a clense lithium plasna [t] *tu put eli = 1.8 eVr

6r. = 0.1r t'rr" = 6\r "r,u rrr = 10-8 sec' then "l,? '= 6 x toT "t/"""2' ltre requirea tenper-

ature range in the heating-cooling cycle is smaller by a factor of B. fhe population in-

version in s dense L,i plasma, unlike in H (or ll-like ions), is produced by nbnradiati've

transit ions, so qrat the reabsorption of the radiat ion is prectical ly negl igible. Plasmoids

vith large dimensions ald densities are optimall they have a la,rger ratio of directecl to

isotropic rad.iat ion. the possibi l i ty of appreciabfe ref lect ion of the a^urpl i f ied racl iat ion

from the forward nore-ionizeat part of the dense plasmoict should be investigated, for this

night nake i t  possible to dispense vith an external radiat ion source'

Acceleration by the intrinsic ratliation can apparently also be used to produce fast

continuous nolecular Jets, using the inverted populat ion in weak\y-ionized gases'

T'lre authors thank A. E. Kap1an fon a iliscussion.
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